Stephanocemas Colbert, 1939 is one of the earliest groups of deer (Cervidae) that shows indications of shedding their antlers, and as such, occupies a special position in the transition from nondeciduous to deciduous antlers in the evolution of cervids. Despite this basal position in cervid phylogeny, however, it has a highly peculiar, palmate antler morphology that is easily recognized in the fossil records of the early to middle Miocene of Eurasia. A new species, Stephanocemas palmatus sp. nov., is described based on three partial antlers ranging from juvenile to full adult individuals, recently collected from the late middle Miocene Lower Youshashan Formation in the Qaidam Basin of northern Tibetan Plateau. Another indeterminate species (Stephanocemas sp.) of much smaller size and primitive characteristics is described from more fragmentary materials in strata lower than the level of S. palmatus but still middle Miocene in age. To the extent that it was possible, we also attempted to place into modern stratigraphical context historical collections of Stephanocemas from Qinghai Province that were obtained during the Sino-Swedish Expeditions in the 1930s. These materials were described by Birger Bohlin in 1937 but their stratigraphical context has been in question ever since. A species-level phylogeny suggests that S. palmatus is the most derived among known species, with its large size, great expansion of the palm part of the antler, and horizontally radiating tines. We recognize a Paradicrocerus clade that includes P. flerovi Gabuniya, 1959 , P. elegantulus (Roger, 1898, and P. brevistephanos (Baschanov & Nurumov, 1955) ; the latter two were traditionally regarded as belonging to Stephanocemas. As a result, the Paradicrocerus clade is largely European and western Asian, whereas the restricted Stephanocemas is now Asiatic in geographical distribution.
INTRODUCTION
Stephanocemas Colbert, 1936 belongs to a group of Eurasian Miocene deer that occupies a basal position along the transition from archaic deer that do not shed their antlers to advanced forms that have deciduous antlers. Its palmate, or crown-like, antler with radiating branches represents the first attempt amongst cervids to flatten the antler branches, such as those independently developed later in modern moose (Alces) and other advanced cervines (Colbert, 1936; Azanza, 1993) . Although easily recognizable because of its distinct palmate antlers, the majority of reported material is fragmentary and lacks a sense of ontogenetic variations, which are known to be great In the summer of 2006, a nearly complete antler of a new species of Stephanocemas was recovered from the Lower Youshashan Formation in eastern Qaidam Basin, northern Tibetan Plateau (Figs 1, 2) . Morphologically, the new form represents the most derived species in the Stephanocemas lineages. Furthermore, comparison with recently described antlers from Tongxin (Li et al., 1998) suggested that they are conspecific.
With the highly derived Qaidam species, certain phylogenetic trends of this lineage become apparent. We thus take this opportunity to review known species of Stephanocemas, and place them in a phylogenetic framework to the extent that is possible. We also describe additional fragmentary materials from the Qaidam Basin and evaluate the stratigraphical context of specimens collected during the SinoSwedish Expeditions in the 1930s (Bohlin, 1937) .
MATERIAL AND METHODS
We examined the type series of Stephanocemas thomsoni from the American Museum of Natural History and Paradicrocerus elegantulus in the Naturhistorisches Museum Basel, two of the most critical collections of the Stephanocemas-Paradicrocerus lineage. We also studied important samples from the Junggar Basin in the collection of the Institute of Vertebrate Paleontology and Paleoanthropology (IVPP). As a result of construction work, we did not have access to the Tongxin collections in the Beijing Museum of Natural History, but we did examine an IVPP specimen from the same basin. As we were unable to examine collections from the former republics of the Soviet Union, we relied on published figures and descriptions.
We used Lagomeryx as an outgroup for polarity determination, as seems to be the current consensus (Azanza & Ginsburg, 1997; Gentry, Rössner & Heizmann, 1999 ; but see Vislobokova, 1990 for an alternative view). In PAUP parsimony analysis (Swofford, 1993) , all characters were unordered and unweighted. Referred specimens: IVPP V15723, palm part of antler with only one medial tine preserved (Fig. 5) , from IVPP locality CD0630 (N37°06′ 24.3″, E97°15′ 59.7″); IVPP V15724, posterior half of a small juvenile antler fragment (Fig. 6) , from IVPP CD0630.
Geology and age: IVPP V15722 (from IVPP CD0626) was produced from a sequence of rusty yellow to greenish cross-bedded sandstones and fine gravels along a north-south orientated wash on the western end of the north limb of the Barun Yawula anticline (Fig. 2) . IVPP V15723 and V15724 (IVPP CD0630) are also from the same rusty yellow sandstone layers but are stratigraphically~115 m above IVPP CD0626. The Stephanocemas-producing sandstone, dipping L u li a n g M t.
X it ie M t.
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E. Taijnar Lake fold is asymmetrical with the south limb dipping more steeply than the north limb. A prominent resistant bed (a dark-light band combination, indicated by black dashed lines) within the rusty green sandstones layers helps to trace stratigraphical relationships between localities in eastern and western ends of the anticline, although multiple faults (with offsets ranging from 50 to 500 m), particularly those in the eastern end, complicate correlations. White lines are the measured section.
toward the north, is more than 600 m above the axis of the Barun Yawula anticline, where reddish mudstones are exposed as the stratigraphically lowest exposure. Fifty kilometres north-west of the Barun Yawula anticline is the north limb of the Keluke (Kurliq) anticline, where a sequence of~5000 m of Neogene sediments is exposed. Known as the Huaitoutala section, this long sequence contains vertebrate faunas ranging from the middle Miocene to early Pliocene age and palaeomagnetically dated to 15.7-1.8 Mya . Lithologically the Stephanocemas-producing strata in Barun Yawula are approximately comparable to the greenish sandstones in the Huaitoutala section, where the middle Miocene Olongbuluk Fauna is found. The main difference seems to be that the Huaitoutala section is a much thicker sequence (the Olongbuluk Fauna alone spans more than 1000 m), whereas the same section in Barun Yawula is represented by substantially thinner beds, possibly indicating a lower rate of deposition. Faunally, the Stephanocemas-producing sandstones in Barun Yawula (localities CD0626, 0630, 0633, 0634; see Fig. 2 ) have so far not yielded other agediagnostic taxa beside a few non-Stephanocemas cervid antler fragments, as well as fragments of turtles and teleost fishes. However, in the eastern end of the Barun Yawula anticline,~6 km to the southeast of CD0626, a small assemblage of fossil mammals was collected. Of these, the most agediagnostic include an astragalus of hipparionine horse (IVPP CD0618), indicating a late Miocene age. Based on correlations by satellite image (Fig. 2) , the CD0618 locality is stratigraphically close to or slightly above the highest Stephanocemas-producing horizon (CD0634), although such correlations are not without difficulties, particularly in the eastern end of the Barun Yawula anticline where multiple faults have horizontal offsets of up to several hundred metres. To the best of our knowledge (see further discussion in 'Problems with Bohlin's Qinghai Materials' below), Stephanocemas is restricted to the middle Miocene strata (the Olongbuluk Fauna) in the eastern Qaidam Basin, i.e. no lagomerycine deer has been collected in known late Miocene faunas (Wang & Wang, 2001; Deng & Wang, 2004a, b; Wang et al., 2007) . We thus conclude that Stephanocemas palmatus probably represents the latest appearance of the lineage in the Tibetan Plateau in the latest middle Miocene, although the possibility exists that its upper-most occurrence (CD0634) is earliest late Miocene. 
Diagnosis

Description
The unusual arrangement of antlers in Stephanocemas confounded Colbert (1936) , who was unable to find a suitable method to describe its peculiar patterns. Although he agreed in principle with a nomenclatural scheme by Pocock (1933) , who envisioned a series of dichotomous branching patterns in the posterior beams as seen in living cervids (see also Colbert, 1940) , in practice Colbert found such a system difficult to apply to Stephanocemas. Instead, Colbert devised a rather arbitrary system of antler nomenclature of anterior (brow tine), posterior (beam), median, and external tines. Because the branching patterns in Stephanocemas are apparently derived independently from those in living cervids, Colbert's system is adopted in this description to avoid implications of homology with living cervids.
The orientation of antlers is not always easily ascertained without associated cranial elements or large ontogenetic series. Our determination for the holotype of S. palmatus was based on comparisons with the best-preserved series for P. elegantulus and S. thomsoni. In general, the widest tine is the posterior one, and its opposite tine is, by definition, the anterior tine. The lateral and medial tines are generally shorter than the anterior and posterior tines. The lateral tines tend to be longer and more upwardly curved relative to their medial counterparts. Given the above observation, we regard IVPP V15722 as a left antler.
IVPP V15722 is a large, full adult individual. A juvenile partial antler from a higher stratigraphical horizon (see 'Geology and age'), IVPP V15724, offers some sense of ontogenetic variations. Even in a very young individual, such as IVPP V15724, the palmate nature of the antler is readily apparent (Fig. 6) , and distinctly different from juveniles of S. thomsoni (Colbert, 1936: fig. 5 ). The entirely palmate IVPP V15724 has four branches and the palm portion is folded along the anteroposterior axis.
The palm portion of IVPP V15722 is mediolaterally expanded with a relatively high width/length ratio. Toward the medial-central aspect of the palm, there is a distinct dorsal spur, which is broken off at the base. Only a rounded scar is left for this spur. Other than this spur, the dorsal surface is flat and smooth without any trace of the dorsal ridge seen in Paradicrocerus (see Phylogeny). On the ventral side, an indication of a burr (coronet) is marked by small bony spurs at the bases of posterior and lateral tines. The burr is oval-shaped with its long axis orientated anteroposteriorly, which obviously corresponds to an oval cross-sectioned pedicel (stem). This burr-like structure, a concave shedding scar, and rough surface surrounding the burr clearly indicate a deciduous antler.
The most characteristic aspect of the tines in IVPP V15722 is their spread-out appearance with their nearly horizontal orientation and their flattened cross-section. In lateral view, anterior and posterior tines spread out from the palm, initially horizontally toward the periphery and then gently curving upward toward their tips (Figs 3, 4) . In anterior view, the medial tines (only the posterior one is preserved) are essentially horizontal whereas the lateral tines curve upward slightly, creating an asymmetrical appearance in terms of the upward curvatures of medial and lateral tines.
Of the preserved tines, the posterior, posterior lateral, and anterior lateral tines are bifurcated, although, judging from the condition of the anterior lateral tine, the bifurcated tines do not extend far from the base of the split. The anterior tine is relatively short and wide in dorsal view. Its cross-section is basically dorsoventrally flat with the dorsal surface slightly convex. The medial corner of the tip is broken, but judging from the remaining parts, the anterior tine may be slightly bifurcated.
The posterior tine (beam) is the widest of all the tines and maintains its width throughout its length, and slightly widens toward the distal end. The crosssection is very flat, with a convex ventral surface and a slightly concave dorsal surface. The tine is undoubtedly bifurcated, even though its lateral tip is broken off at the base of the bifurcation (see reconstruction in Fig. 10 ).
The anterior lateral tine is slightly longer than the anterior tine. This flattened tine has shallow grooves on both dorsal and ventral surfaces throughout its length. This is also the only tine that twists almost 90°-its bifurcated tips are almost vertically aligned, with the effect of a maximum width when viewed laterally. This tine also preserves the best tips (both are slightly restored with epoxy resin).
The middle lateral tine is broken midway along the length. As in the anterior lateral tine, it is dorsoventrally compressed. Its cross-section shows shallow grooves on dorsal and ventral sides, indicating bifurcated tips.
The posterior lateral tine is longer than the posterior tine. Its dorsoventrally compressed surfaces have shallow grooves that lead to slightly bifurcated tips, which are not as distinct as those on the anterior lateral tine. The grooves taper off toward the anterior aspect of the tine.
The posterior medial tine is also longer than the posterior beam. Its cross-section is somewhat triangular at its base, gradually becoming flattened toward the tip, and its tip is not bifurcated. The middle and anterior medial tines are broken off at the base. Both have a rounded cross-section, indicating a single tip, as in the posterior medial tine. The base of the middle medial tine is elevated to form a prominent hump above the dorsal surface of the palm.
Measurements (mm)
: maximum anteroposterior diameter of palm: 77.7; maximum mediolateral diameter of palm: 53.6; maximum ¥ minimum diameters at base of burr: 35.0 ¥ 20.0; length of anterior tine: 39.3; maximum ¥ minimum diameters at base of anterior tine: 19.4 ¥ 9.9; length of posterior tine: 48.3; maximum ¥ minimum diameters at base of posterior tine: 28.2 ¥ 12.8; length of posterior medial tine: 54.7; maximum ¥ minimum diameters at base of posterior medial tine: 16.6 ¥ 12.6; maximum ¥ minimum diameters at base of middle medial tine: 11.2 ¥ 10.7; maximum ¥ minimum diameters at base of anterior medial tine: 14.9 ¥ 11.7; length of anterior lateral tine: 52.7; maximum ¥ minimum diameters at base of anterior lateral tine: 17.7 ¥ 10.9; maximum ¥ minimum diameters at base of middle lateral tine: 20.3 ¥ 12.8; length of posterior lateral tine: 58.0; and maximum ¥ minimum diameters at base of posterior lateral tine: 18.3 ¥ 10.9.
COMPARISON AND DISCUSSION
In this study, we restricted our concept of Stephanocemas to those Asiatic species that fall within the advanced clade of the Paradicrocerus-Stephanocemas lineage (see Phylogeny). Primitive species formerly included in Stephanocemas, such as S. elegantulus (Roger, 1898) and S. brevistephanos Baschanov & Nurumov, 1955 , are here placed in the genus Paradicrocerus. In such a phylogenetic framework, S. palmatus is easily distinguishable from species of Paradicrocerus in its lack of dorsal ridges between anterior and posterior tines, expanded palm portion of the antler, and laterally spread tines.
Within the genus Stephanocemas, the type species, S. thomsoni Colbert, 1936 , is still the best documented species with a large array of individual antlers representing a nearly complete ontogenetic series. Such a series demonstrates a large amount of intraspecific variation in size, number, position, and orientation of individual branches (tines). Such a range of variations is probably typical for other species of the Paradicrocerus-Stephanocemas lineage as well because one of its basal species, P. elegantulus (Roger, 1898) , shows similarly large variations (see Stehlin, 1937) . The large ontogenetic series of S. thomsoni from the Tunggur Formation also allows a certain amount of confidence that S. palmatus falls outside the variations of S. thomsoni. Despite the substantial amount of flattening in the posterior tine in S. thomsoni, the rest of the tines remain essentially rounded in cross-section, with the exception of the anterior median tine in the holotype (AMNH 26782). These rod-like tines with a single tip seem to be a primitive condition in contrast to the mostly platelike tines with branched tips in S. palmatus. Furthermore, the palm portion of the antlers in S. palmatus is also mediolaterally widened relative to those in S. thomsoni. If such a comparison is correct, then S. palmatus represents the most derived member of the genus and helps to envision a morphological framework for other lesser known species. Colbert (1936) described a second species of Stephanocemas, S. triacuminatus, from the Tunggur Formation. However, following a suggestion by Stehlin (1937) , Colbert (1940) soon recognized it as a species of Lagomeryx, a practice that has been followed since then (e.g. Young, 1964) , as well as in this study. Beliajeva (1949) (Beliajeva, 1974 : figs 2-4), S. aralensis is easily distinguished from S. palmatus in its smaller size, much more elongated burr (i.e. shedding scar; corresponding to a more mediolaterally compressed pedicel), less mediolaterally expanded palm portion, more upwardly (vertically) orientated peripheral tines, more rounded cross-sections for most peripheral tines, fewer lateral (one to two) and medial (two to three) tines, and more proximally branched posterior tine (more so in the holotype and a referred antler, PIN 1568-42, than in PIN 1551-68). With the possible exception of the elongated burrs, most of the characters in S. aralensis are primitive, and are probably far removed from those of S. palmatus.
More recently, Ginsburg & Ukkakimapan (1983) described a new species, Stephanocemas rucha, from lignitic deposits of the Li Basin in northern Thailand, which represents the southern-most occurrence of the genus. Initially thought to be late middle to early late Miocene in age mostly based on the presence of proboscideans and Stephanocemas (Ginsburg & Ukkakimapan, 1983; Ginsburg, 1984) , the age of the Li Fauna was revised downward to early Miocene (equivalent to the MN4 of the European mammal zones), based on long-distance comparison of mammals from Europe (Mein & Ginsburg, 1997) . However, more recent studies of magnetostratigraphy (Benammi et al., 2002) and fossil rodents (Chaimanee et al., 2007) from the nearby Mae Moh Basin, placed the Li Basin strata (considered equivalent in age to that of the Mae Moh Basin) back in the late middle Miocene age, around 13-12 Mya. Regardless of its age, the Thai species is the southernmost occurrence of the genus and is zoogeographically important. Unfortunately, the holotype of S. rucha is poorly preserved. Additional antler fragments were listed, but these were not figured nor described (Mein & Ginsburg, 1997) . Our present comparison is thus based on the holotype (T Li 67) only. The palm portion of S. rucha is smaller and less laterally spread than that of S. palmatus. Judging from the anterior tine, the only fully preserved one on the holotype, and the bases of the two lateral tines, the radiating tines are all orientated rather vertically, i.e. forming an angle greater than 45°with the horizontal plane. In this condition, the Thai species is thus somewhat primitive among advanced species of Stephanocemas (see Fig. 9 ). If our reconstructed outline of the posterior tine (Fig. 10) is correct, an admittedly speculative reconstruction based on published figures, then S. rucha shares with S. thomsoni and S. palmatus a flattened posterior tine. Ye (1989) referred to Stephanocemas aff. thomsoni 20 partial antlers, as well as dental materials, from the lower part of the Halamagai Formation (middle Miocene), Junggar Basin, Xinjiang Province. The relatively large sample size, representing both adult and juvenile individuals, reveals a substantial amount of variations. Nonetheless, the following features in the Junggar materials are consistently different from those in S. palmatus: smaller size, smaller palm part of the antler, more rounded crosssections in tines, and slightly more upright tines, although the two taxa seem to share a mediolaterally expanded palm.
Abdrachmanova (in Tleuberdina, Bayshashov & Abdrachmanova, 1993) described a new species, Stephanocemas actauensis, from the Aktau Mountain area in the Ily Basin of eastern Kazakhstan. The upper Aktau Mountain strata that produced S. actauensis were estimated to be early Miocene in age (Tleuberdina, 1994; Lucas & Bendukidze, 1997) . The holotype is a small partial antler with five or six tines. Assuming the Aktau antler is an adult, it differs from S. palmatus by the following primitive characters: small size, five to six tines with rounded crosssections, and more upward orientation of the tines.
Most recently, Li et al. (1998) referred to S. thomsoni four antlers, two jaws, and several teeth from the Hongliugou Formation in Tongxin, Ningxia Autonomous Region, an area that was previously known to contain some fragmentary materials of the genus (Chen, 1978) . As typified by the Dingjiaergou local fauna, the middle part of the Tongxin strata is middle Miocene (Tunggurian) in age (Qiu, Wu & Qiu, 1999) . Judging from a figured antler (BPV 1212) (Li et al., 1998 : figs 1, 2) and from the authors' description, the Tongxin materials seem closest to S. palmatus from Qaidam. BPV 1212, presumably a mature individual, has reached the stage of palm expansion of the latter. Its peripheral tines seem also substantially flattened. Furthermore, examination of another specimen, IVPP V5586 (a relatively young individual), shows a similarly flattened and mediolaterally expanded palm portion of the antler, as also noted by Chen (1978) . We are thus inclined to treat the Tongxin materials as conspecific to S. palmatus. If the Tongxin species is correctly referred, it would significantly extend the geological range of the species to the early middle Miocene.
STEPHANOCEMAS SP. (FIGS 7, 8)
Referred materials: IVPP V15725 (Fig. 7) , a partial antler from IVPP CD9818 (N37°14′ 12.6″ E96°44′ 49.8″), in the north limb of the Keluke anticline of the eastern Qaidam Basin, collected by Feng Wenqing on 8 July 1998; IVPP V15726 (Fig. 8) , an antler fragment from IVPP CD0406 (N36°58′ 54.5″ E97°23′ 29.3″), in the Bayin Mountain section of the eastern Qaidam Basin, collected by Ni Xijun on 3 September 2004.
Geological age: IVPP locality CD9818 is in the upper range of the Olongbuluk Fauna and has been palaeomagnetically estimated to be between 12-13 Mya . This locality also produced an antler fragment of Lagomeryx, another early cervid frequently associated with Stephanocemas. The Bayin Mountain exposures, to the east of the fossiliferous Naoge area, have yielded few vertebrates, and IVPP CD0406 is one of a handful that produced identifiable materials. CD0406 has been correlated with the Olongbuluk Fauna as well, based on section measurements and biostratigraphical comparisons . Lithologically, CD0406 and CD9818 are both in the predominantly greenish sandstones. Vertebrate fossils in the Olongbuluk Fauna in both sections (Huaitoutala and Bayin Mountain) are relatively rare, and a precise correlation of the two localities, separated by a distance of 65 km, is not possible at this moment. It is likely, however, that both CD0406 and CD9818 are stratigraphically lower than beds that produced
S. palmatus in Barun Yawula, and that all
Stephanocemas-producing localities in the Qaidam Basin are middle Miocene in age (see further discussion in 'Geology and age' under S. palmatus).
Description and comparison:
Both IVPP V15725 and V15726 are of similarly small sizes, but lack of additional materials from their respective localities makes it difficult to judge if they belong to juvenile individu- als. Although their tips are mostly missing, V15725 has at least six tines, and those for V15726 are not clear because only the posterior half the palm is preserved. The presumed posterior tine on V15725 is short, broad-tipped, and vaguely suggestive of a branched tip. If the latter is not an artefact of weathering, it recalls the condition in S. palmatus. The pedicel is partially preserved in V15725, suggesting that this antler was not shed during life. In contrast, V15726 has a distinct burr, as seen in most materials of Stephanocemas. Both specimens display a relatively flat palm portion of the antler, and even a relatively mediolaterally expanded palm. They also possess a distinct dorsal ridge connecting the anterior and posterior tines.
The latter two features are perhaps the most revealing about phylogenetic relationships. Whereas a flat and laterally expanded palm may indicate affinity with S. palmatus, the dorsal ridge, however, seems to imply a more primitive status as seen in species of Paradicrocerus and possibly in S. actauensis [the illustration in Tleuberdina et al. (1993: pl. XI, fig. 2a, b) is not clear enough to be sure of this feature]. Future discoveries may prove that IVPP V15725 and V15726 belong to a distinct species of their own if such a unique combination of primitive and derived characters is confirmed, but because of the poor state of preservations we refrain from naming a new species.
PROBLEMS WITH BOHLIN'S QINGHAI MATERIALS
Shortly after the initial description of the type species of Stephanocemas by Colbert (1936) , Bohlin (1937: text figs 36-44; pl. II, figs 3, 9) figured three partial antlers in and around the then Qinghai Province in China. Unaware of Colbert's nearly simultaneous publication and uncertain of their affinity, Bohlin called these antlers 'Cervidae sp.' although he clearly recognized the relationship when he eventually saw Colbert's paper (Bohlin, 1945 (Bohlin, , 1946 . Of these, two antlers (no. 368 and 407) were from the foot hills of the Olonbuluk Mountain in eastern Qaidam Basin and the third was from 'Kansu, Nien-Pai-Hsien, SW 55 li, Yao-Chia-P'u-Tzu-Koo' (Bohlin, 1937: 26) It is doubtful that Andersson had personally visited the Ledu Stephanocemas locality. We presume that he acquired this specimen from local collectors while carrying out archaeological reconnaissance (see Andersson, 1934) . In any case, the Ledu antler, presumably handed over to Bohlin without faunal or geological context, is still the only known mammal from that site (probably in eastern Xining Basin). Therefore it would not be prudent to assume that the Ledu Stephanocemas is contemporaneous with those from the Qaidam Basin, which spans a wide range of geological age Wang et al., 2007) or to assume the three antlers are conspecific. To compound the problem, Young failed to properly establish S. chinghaiensis by designating a type (both Ledu and Qaidam materials were present in the Qinghai Province at the time of his recognition and therefore his specific name does not indicate the author's intention), although he seemed to base his character analysis mainly on the Ledu specimen, which is clearly the better preserved (Young, 1964: 334) . To stabilize the name, we restrict S. chinghaiensis to the Ledu antler, thereby designating it a lectotype.
Questions still remain regarding the other two Qaidam specimens described by Bohlin (1937) . This is a matter of some importance because the presence of Stephanocemas from the Qaidam strata, postulated to be a left over from the middle Miocene, has been used to suggest that the Qaidam Hipparion-producing beds contain the earliest Chinese Hipparion fauna (Qiu, 1990; Qiu & Qiu, 1995; Qiu et al., 1999) . Judging from his field numbers (BBNr. 368 and 407), the two specimens must have been collected during his second (May 1932) visit to the Qaidam Basin when he amassed the largest Qaidam collections, numbered from 358 to 556 (Wang, Wang & Qiu, 2008) . Flooding on the Noringen River between Kurliq Nor and Tuosu Nor during his second expedition apparently prevented him from visiting the late Miocene locality on the north-western corner of the Tuosu Nor (Tossunnor) (Bohlin, 1945) . Instead, Bohlin settled in the 'Ulan-utsur' area (camp BB 165), about 10 km to the west of the northern end of Tuosu Nor (Bohlin, 1960: fig. 12 ). During the first few days of Bohlin's visit, while he was busy drawing maps, fossils were collected by his field assistants and the antlers in question were apparently obtained: 'Amongst them, however, were most of the curious deer-antlers, that are possibly to be referred to the genus Stephanocemas -previously described from Mongolia's Tertiary' (Bohlin, 1945: 307) .
Unfortunately, exposures around Bohlin's camp 165 (between the present village of Huaitou Tala and Olonbuluk Mountain) is represented by a vast badland of up to 10 ¥ 10 km, encompassing ages ranging from 15.7-1.8 Mya .
However, sediments in the immediate vicinity of camp 165 (near the axis of the Keluke anticline), are toward the earlier limit of the above age range and our own collecting shows that Stephanocemas is restricted to the middle Miocene part of the section . Mammal assemblages collected during the first few days include Lagomeryx tsaidamensis (BBNr. 361), ?Dicroceros sp. (BBNr. 397), and Acerorhinus tsaidamense (BBNr. 374, 381, 386, 389 ) (the number sequence seems to correspond to the sequence when specimens were collected; thus lower numbers from 358 to 410 were early collections during Bohlin's 1932 field season, as can be inferred from his locality map in the Tabenbuluk area; see Wang et al., 2008) . The first two are largely middle Miocene taxa in north China. It is thus likely that Bohlin's assistants obtained their two Stephanocemas antlers (BBNr. 368 and 407) from relatively low stratigraphical positions in the~1000 m section near the anticline axis (middle Miocene). However, Bohlin's Stephanocemas material seems to represent a form more primitive than S. palmatus, which is estimated to be the highest occurrence of this lineage in the Qaidam Basin (see 'Type locality' above).
PHYLOGENY
The phyletic relationships of Stephanocemas have been poorly understood since Colbert's initial recognition of this distinct genus (but see Vislobokova, 1990) . Part of the problem lies in the fact that no living cervid possesses so peculiar an antler that its very membership within Cervidae is in question (Azanza, 1993) . Presence of a burr-like structure (coronet) and a coarse surface on the antlers in the European 'Stephanocemas' elegantulus led Azanza & Menéndez (1987) to place it in the dicrocerines, a primitive group of cervids that sheds antlers annually. Later, Azanza (1993) used the family Lagomerycidae (Pilgrim, 1941) to include Lagomeryx and Stephanocemas (excluding 'S.' elegantulus), both of which lack a true burr (coronet) but share antlers with radiating tines. It is apparent, however, that both genera do occasionally shed their antlers, perhaps more so by the latter, as indicated by the frequent presence of a rounded or oval scar at the base of the antlers in Stephanocemas (see further discussion in Ye, 1989) . Janis & Scott (1987) , however, preferred the traditional taxonomic arrangement of placing both Lagomeryx and Stephanocemas in the basal cervid subfamily of Muntiacinae (Pocock, 1923; Simpson, 1945; McKenna & Bell, 1997) , as also agreed by Gentry (1994) , Gentry et al. (1999: 237) , and Groves, 2007) . In addition, Gentry (1994) pointed out that the orientation of the anterior and posterior tines in Stephanocemas is reminiscent of that in Dicroceros, further weakening the argument by Azanza (1993) that the European 'Stephanocemas' is fundamentally different from the true Stephanocemas in Asia, i.e. Asian Stephanocemas belongs to a clade outside of the dicrocerines. Gabuniya (1959) named a new genus and species, Paradicrocerus flerovi, from middle Miocene sediments in Belomechetskaya, north of the Caucasus Mountain in south-western Russia. It seems logical that two species formerly referred to Stephanocemas should also be included in this genus (see Gentry, 1994) : P. brevistephanos (Baschanov & Nurumov, 1955) , a poorly known taxon from the west (right) bank of the Zhylanshyq (Dzhilanchik) River in central Kazakhstan (early Miocene), as well as the far more well-known P. elegantulus (Roger, 1898) from the early to middle Miocene of Europe (Stehlin, 1937; Villalta Comella & Crusafont-Pairó, 1944; Thenius, 1948) . As shown in our phylogenetic analysis, the Paradicrocerus clade shares several characters: erect peripheral tines, a dorsal ridge between anterior and posterior tines, and a weak presence of a burr with associated rough surfaces (longitudinal grooves) surrounding the burrs, although the latter two characters are also shared with Dicroceros, as pointed out by Azanza (1993) .
In addition, Beliajeva (1974) proposed a new genus and species, Oschinotherium orlovi, from Udzhr-Ula in western Mongolia. Oschinotherium is unlike any other cervid, with its palm part of the antler curving upward to form a cup-like structure. Such a configuration seems somewhat more derived than Paradicrocerus in its relatively broadened palm. Oschinotherium appears to be related to Paradicrocerus, although it is specialized in a distinct direction of its own.
It was beyond the scope of this paper to analyse the generic relationships of the lagomerycines, a satisfactory resolution of which is yet to be worked out. We selected Lagomeryx as a primary outgroup but also included species of Paradicrocerus for additional checks of polarities (Azanza, 1993; Gentry, 1994; Azanza & Ginsburg, 1997; Gentry et al., 1999) . A ten taxa by nine characters (21 character states) matrix was constructed (Table 1 ) using antler characters exclusively (cranial and dental characters were largely unavailable for the majority of species analysed). As such, the preliminary nature of the present phylogenetic analysis should be kept in mind in future studies.
A cladistic analysis using PAUP (Swofford, 1993) produced four shortest trees with a length of 12 steps, and a strict consensus is shown in Figure 9 (see Fig. 10 in Zoogeography section below for an example of one of the shortest trees). We acknowledge that the scope of this study does not allow a full resolution of the relationship (or lack thereof) between Paradicrocerus and Stephanocemas, even though they are here construed as sister taxa. It is difficult to resolve relationships of all species of Stephanocemas based on poorly defined taxa and on limited antler characters. One should also keep in mind that nearly all known species are based on one or a handful of specimens and given the large variations shown in S. thomsoni, it is likely that some taxa may eventually prove to have been over-split when larger ontogenetic series become available. This may be the case for the multichotomy formed by three basal species, S. actauensis, S. aralensis, and S. chinghaiensis. The advanced species clade (S. rucha, S. thomsoni, and S. palmatus) is united by the possession of a more expanded palm, increased number of tines, and more horizontally orientated tines.
ZOOGEOGRAPHICAL REMARKS
We may draw some zoogeographical implications based on our phylogenetic analysis above. Figure 10 shows chronological ranges of various species of Paradicrocerus and Stephanocemas as well as their geographical locations (the longitudinal position of species within Asia may not be precisely plotted because of phylogenetic constraints), using one of the shortest trees in our cladistic analysis as the phylogenetic framework. We also inserted additional published specimens not included in our cladogram. We emphasize that many of the age estimates are imprecise, and thus the chronological order of various species will surely be revised in future studies.
The zoogeographical consequence of our usage of Paradicrocerus to include two European and one west Asian species is a largely western Eurasian distribution for the genus, presumably showing a preference for more wooded coverage. The best known species, P. elegantulus, is also the longest ranging, from late early Miocene to middle Miocene (Villalta Comella & Crusafont-Pairó, 1944; Thenius, 1948; Ginsburg & Bulot, 1987) , although some of its records are dental materials that may be questionably referred. Other former references to Stephanocemas are now known to be far too primitive to be in the ParadicrocerusStephanocemas clade, such as 'S.' infans (Morales & Soria, 1984) , now referred to Acteocemas.
Our restricted usage of Stephanocemas resulted in an entirely Asian clade, as also alluded to by Gentry et al. (1999) and Azanza (1993) , from Inner Mongolia to Kazakhstan. If dental materials have been 
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Stephanocemas palmatus Figure 9 . Strict consensus of four shortest trees (tree length = 12) of the Paradicrocerus-Stephanocemas clade found by the branch and bound option of the PAUP program on a ten taxa ¥ nine characters data matrix (Table 1) .
correctly referred to Stephanocemas from Paşalar (MN 6-8), Turkey (Gentry, 1990) , the genus would extend to the eastern edge of Europe. Latitudinally, Stephanocemas is also widely distributed, spanning from Thailand to central Mongolia. The middle Miocene Shanwang materials referred to Stephanocemas colberti (Young, 1937; Hu, 1957) may not belong to the Paradicrocerus-Stephanocemas clade (Gentry, 1994) , although (Young, 1964) argued that the Shanwang species does not belong to Lagomeryx either. Figure 10 . Species ranges, phyletic relationship, and zoogeographical positions of the Paradicrocerus-Stephanocemas clade. Most of the species ranges are approximate. Phyletic relationship is based on one of the shortest trees in our cladistic analysis, and some indeterminate taxa not included in the cladogram are inserted here based on our estimates of their relationships. The antlers are scaled to their approximate relative size, and dashed lines are mostly our own reconstructions of missing tines.
